Background: Brain tumors are an important health problem. The preoperative classification of gliomas by noninvasive techniques is a significant problem. Relative cerebral blood volume and spectroscopy have the ability to sample the entire lesion non-invasively. The present study aims to evaluate the combined role of dynamic susceptibility perfusion and spectroscopy in the classification of primary brain tumors. The combination of both provides overall diagnostic accuracy (100%). Relative cerebral blood volume in peritumoral region plays an important additional role in this regard. Results: On the basis of histopathology, among 50 patients with brain tumors, high-grade gliomas accounted for 58%, while low-grade gliomas accounted for 42%. The relative cerebral blood volume in the tumor had the best sensitivity, specificity, and accuracy of 96.8%, 95.3%, and 96, respectively. The use of relative cerebral blood volume and choline/N-acetyl Aspartate increased diagnostic accuracy by 100%. Conclusion: The combination of magnetic resonance spectroscopy and perfusion can increase sensitivity and positive predictive value to define the degree of glioma.
Background
It is very difficult to differentiate an isolated intra-axial brain tumor and decide whether it is a primary or metastatic tumor, low grade or high grade. Although some conventional magnetic resonance imaging results are characteristic, it is difficult, sometimes impossible, to differentiate these tumors and in such cases; overall tumor resection or stereotactic biopsy are required for an accurate diagnosis. Another problem is the preoperative classification of glial tumors by non-invasive techniques [1] [2] [3] [4] .
Advanced neuroimaging (magnetic resonance spectroscopy and perfusion) combines the spatial localization capabilities of magnetic resonance imaging with biochemical and functional tissue information, which has been shown to discriminate tumor grades by describing the metabolic changes reflecting cell density, anaplasia, and mitotic index [5] .
Spectroscopic MRI (MRS) finding provides metabolic information supplementing the anatomical information obtained with conventional MRI [6] .
Relative cerebral blood volume (rCBV) mirrors the vascular multiplication; in this way, the level of the neovascularization and can be obtained from dynamic susceptibility contrast magnetic resonance perfusion imaging (DSC-MRI) [7] [8] [9] [10] .
It is known that cell permeation usually associated with peritumoral neovascularization which is a specific character for a highly malignant brain tumor [11] ; this finding has been reported many times in different studies aiming to differentiate high-grade glioma (HGG) from metastases [12] [13] [14] . Such a feature may be helpful in glioma grading because it is seen in high-grade glioma and not in low-grade glioma [15] [16] [17] .
Methods
Our study composed of 50 cases (24 females and 26 male) with gliomas. Their ages ranged from 3 to 70 years with a mean age of 38.89 ± 21.6 years. All patients examined by MR scanner (Philips Achieva, 1. The phase encoding direction needs to be AP to reduce susceptibility artifacts. A time series of fast T2-weighted images acquired when gadolinium passes through the tissues, producing a reduction in T2 intensity as a function of local concentration. Six sections obtained with no gap to cover the whole lesion which identified on the T2-weighted images. A series of 40 multi-session acquisitions acquired. The total acquisition time was 1 min 6 s. Eight hundred images resulted. The first six acquisitions were made before the injection of the contrast agent to establish a baseline before the contrast. At the seventh acquisition, 0.2 mmol/kg bodyweight of gadolinium injected using a power injector at a flow rate of 5 ml/s through an 18-or 20-gauge intravenous catheter, immediately followed by an injection of a bolus of saline solution at the same rate for a total of 30 ml.
2. Post-processing: All data transferred to the Phillips workstation for analysis using the NeuroT2 * Perfusion software package. Spatial and temporal smoothing applied at a medium degree for improvement of the resolution and reduction of the effect of the motion artifact. We chose the variable gamma adjustment, then the arterial input function, and put a region of interest (ROI) on one of the middle cerebral arteries. Several curves appeared on the left, then we chose at least five curves almost typical of the normal brain curve, then proceeded. Cerebral blood volume (CBV) color maps were obtained.
The maximum regional CBV calculated by placing the ROI on the area of interest in the solid area with the greatest intensity of color. Two ROIs established in the intratumoral and peritumoral regions to measure CBV values for each. These ROIs drawn on hot spot areas, that is, most hypervascular areas, as shown on the CBV color map. Only the ROI revealed the maximum value for each parameter selected to represent the intratumoral and peritumor CBVs (CBVt and CBVp). These ROIs should not include any intratumor vessel, hemorrhagic spot, calcification, or necrosis. Another ROI was drawn in the contralateral normal white matter at the same level. Then, the relative ratios (rCBVt and rCBVp) were calculated by dividing the maximum value of the intratumor or peritumoral region by the value of the contralateral normal white matter and expressed as a ratio of rCBV [ratio = CBV (lesion or perilesional edema) / CBV (contralateral normal white matter).
III. Histopathological examination: All examined patients underwent surgical intervention and histopathological examination of their samples. According to the WHO, brain tumors are classified into four grades (I to IV). For statistical analysis, they are reclassified as low-grade gliomas (WHO GRADE I and II) and high-grade gliomas (WHO GRADE III and IV). IV. Statistical analysis: Data analysis was done using SPSS statistical software (version 23). The average and the mean of each parameter (Cho/ NAA, Cho/Cr, rCBVt, and rCBVp) for high-and low-grade gliomas were calculated. Evaluation of the significant statistical difference between HGG and LGG for each parameter were done by non-parametric Mann-Whitney test. A P value of less than 0.05 was considered significant statistically. The identification of optimal cut-off value for each parameter was done using ROC analysis for best differentiation between LGG and HGG. Sensitivity, specificity, positive, negative predictive values (PPV and NPP), and accuracy were then resulted. The results of the combined role of MR spectroscopy and perfusion for glioma grading was performed by linear discriminant analysis.
Results

Demographics
Our study population consisted of 50 patients (24 females and 26 male) with brain gliomas. Their ages ranged from 3 to 70 years with a mean age of 38.89 ± 21.6 years.
Final suggested radiological diagnosis
Twenty-five patients diagnosed as HGG, 21 diagnosed as LGG, and only four diagnosed as medulloblastoma.
Histopathological diagnosis
Based on the WHO classification, histopathological evaluation of the specimens is shown in Table 1 .
Descriptive statistics for high-and low-grade gliomas regarding the overall rCBV ratios and spectroscopic data
Regarding rCBVt value, for high-grade glioma ( Fig. 1) , the mean was 3.5 (1.8-6.13), and for low-grade glioma ( Fig. 2) 1.16 (0.5-1.7) (P = 0.0001). There is statistical significance for differentiation between low-and highgrade glioma (Fig. 3 ) (shown in Table 2 ). Regarding rCBVp value, for high-grade glioma, the mean was 2.4 (0.5-3), and for low-grade glioma 0.8 (0.3-1) (P = 0.0001). There is statistical significance for differentiation between low and high-grade glioma.
Regarding Cho/Cr value, for high-grade glioma, the mean was 3.5 (1.9-8.75), and for low-grade glioma 1.6 (1.6-1.8) (P = 0.0001). There is statistical significance for differentiation between low and high-grade glioma.
Regarding Cho/NAA, for high-grade glioma, the mean was 5.1 (2-7.5), and for low-grade glioma 1.6 (1.2-1.8) (P = 0.0001). There is statistical significance for differentiation between low and high-grade glioma. 
Cut-off value, sensitivity, specificity, PPV, NPV, accuracy, and AUC (area under curve) of rCBV ratios and spectroscopic data using ROC analysis for differentiation between high and low-grade gliomas
Regarding rCBVt value, at a value more than 1.7, the sensitivity was 96.87% and specificity was 95.24%; more than this value, it is considered HGG (Fig. 4) . Regarding rCBVp value, at a value more than 1, the sensitivity was 87.5% and specificity was 100%; more than this value, it is considered HGG (Fig. 5) .
Regarding the Cho/NAA ratio, at a value more than 1.8, the sensitivity was 100% and the specificity was 76.2%; more than this value, it is considered HGG (Fig. 6 ) (shown in Table 3 ).
Regarding the Cho/Cr ratio, at a value of 1.8, the sensitivity was 96.9% and the specificity was 76.2%; more than this value, it is considered HGG.
Classification accuracy of the tumor mass with linear discriminant analysis including Cho/NAA mass plus rCBVt (leave-one-out method)
The leave-one-out method, in fact, showed that 76% of tumor masses were correctly reclassified when performing discriminant analysis regarding MRS variables alone and 100% when regarding both MRS variables and rCBV (shown in Table 4 ).
Discussion
Our population consisted of 50 patients aged 3 to 70 years. As in the clinical setting, the incidence of HGG (58%) was higher than that of LGG (42%) and it was higher for men (52%) than for women (48%). Glioblastoma was the commonest type of all gliomas and accounted for 34%. These results are consistent with the estimated international incidence of gliomas [18] [19] [20] At an intermediate TE, we found significant differences (P = 0.0001 value) in all reports related to the Cho metabolite (Cho/NAA and Cho/Cr), between low-grade and high-grade tumors (Table 2 ). In agreement with our results, Faten et al. [21] reported that Cho/NAA and Cho/Cr ratios showed a statistically significant increase in high-grade astrocytoma than low-grade glioma. So MRS has superior diagnostic performance in predicting glioma grade. These findings have also been reported by Fatima et al. [22] and Naser et al. [23] .
The present study revealed that for high-grade glioma, we observed Cho/Cr ratios ranging from 1.9 to 8.75 with an average of 3.5 and Cho/NAA ratios ranging from 2 to 7. 5 with an average of 5.1. With regard to the low-grade glioma, Cho/Cr ranging from 1.6 to 1.8 with an average of 1.6. Cho/NAA ratios ranging from 1.2 to 1.8 with an average ratio of 1.6.
Our results are in agreement with those obtained by Naser, Faten, and Fatima, who confirm that ratios related to the Cho metabolite (Cho/NAA and Cho/Cr) are higher for high-grade tumors than for low-grade tumors.
In our study, using ROC analysis, the cut-off values useful for intermediate TE Cho metabolite ratios were used to differentiate high-grade tumors from low-grade tumors; the Cho/NAA ratio to a cut-off value more than 1.8 and the Cho/Cr ratio at a cut-off value of 1.7 with a higher value was considered a high-grade glioma. Other previous studies have also identified cut-off values [24] [25] [26] [27] [28] . However, cut-off values for tumor classification vary from study to study. A possible explanation for these variations could be the differences between MRS imaging methods, including MRI field strength, acquisition parameters, voxel size, and location. Another explanation behind these varieties could be the distinction made in the subject of the study, including the number of patients and the heterogeneity of the tumors.
At an intermediate TE, our results revealed that the sensitivity of Cho/NAA was 100%, indicating that the HGG is correctly classified. This metabolic ratio may, therefore, be useful for determining tumor grades. The corresponding specificity of this ratio was 76.2%, indicating that the less severe tumors were correctly classified. The sensitivity of the Cho/Cr ratios was 96.9%, indicating true positive high rates and false negative low rates; therefore, it is very useful for determining high-grade tumors. However, its high specificity (76.2%) indicates that only a few low-grade tumors have been falsely identified as high grade. These results are consistent with those of Faten, Fatima, and Naser.
In this study, rCBVt was able to differentiate significantly LGG and HGG, with a P value of 0.0001. The present study showed that rCBV ratios ranged from 1.8 to 6.13 with an average of 3.5 for HGG, but for lowgrade gliomas, we found lower rCBV ratios of 0.5 at 1.7 with an average of 1.16. This finding is in line with many previous studies [7, 9, 29, 30] , highlighting the importance of rCBVt as an indicator of tumor neovascularization in glioma grading.
Another important finding is that rCBVt value with a threshold more than 1.7 can differentiate between LGG and HGG and gives 96.8% sensitivity, 95.2% specificity, and 96% diagnostic accuracy. The 96% specificity reflects a high real negative rate which means that most LGGs have been correctly diagnosed. The relatively high sensitivity means that even though few have been misclassified, most HGGs have been correctly diagnosed. These results reflect those of Fatima et al. [22] who also found that LG and HG could be differentiated from rCBV at the cut-off of 1.33 were 100%, 67%, and 90% respectively.
This study corroborates evidence from previous observations, e.g., Eman et al. [31] , Soliman et al. [30] , Sparacia et al. [32] who found almost comparable rCBV values with relatively high sensitivity and specificity in the distinction between low-and high-grade gliomas, indicating the reliability of rCBV in this concern.
Interestingly, within the peritumor region, our results revealed that rCBVp had the ability to differentiate between LGG and HGG, with a P value of 0.0001. rCBVp ratios ranging from 0.5 to 3 with a mean of 2.4 for HGG; however, for a low-grade glioma, we observed lower rCBVp ratios ranging from 0.3 to 1 with an average of 0.8.
These results are consistent with different reports [15] [16] [17] , and further argue that malignant infiltration, with neo-angiogenesis, is expanding to the peritumoral HGG tissues but to a lesser extent in LGG. Therefore, rCBVp can be a useful diagnostic tool in glioma grading.
An rCBVp at cut-off value 1, differentiating low-grade glioma from high-grade glioma with a sensitivity of 87.5% and a specificity of 100%, further confirms the importance of the application of rCBVp in this case. The corresponding specificity (100%) reflecting a high real negative rate which means that all LGGs were correctly diagnosed. These results are also reported by Soliman et al. [30] , which revealed a threshold value more than 0.7 with a sensitivity of 100%, a specificity of 66.7%, a VPP of 88.2%, a NPV of 100%, and an accuracy 90.5% best distinguish high-and low-grade gliomas. On the other hand, Server et al. [16] also reported this.
The most obvious conclusion emerging from the analysis is that the combination of MRS and MR perfusion with conventional MRI improves the accuracy of the distinction between low-and high-grade gliomas up to 100%. This result was also reported by Zonari P et al. and Di Costanzo et al. [8, 28] . It should be noted that despite the agreement that rCBV is an incredible tool for determining the grading, there is a slight variation in threshold values between literatures. The heterogeneous nature of the tumors, the MRI scanner, the contrast injection protocol, and the method of analysis are partly responsible for these variations.
It is, therefore, necessary to standardize the technique, the method of analysis, the post-treatment, and, subsequently, the rCBV values, so that the DSC-MRI can be applied realistically in the routine protocol of the MRI of brain tumors. In this regard, the American Society for Functional Neuroradiology (ASFNR) has introduced guidelines and recommendations for optimizing the protocol [33] .
Conclusion
Our results found that intratumoral rCBVt has a significant correlation with the degree of malignancy and makes an appreciable distinction between LGG and HGG. In addition, the evaluation of peritumor rCBVp has played a considerable additional role in this regard. The combination of MR perfusion and SPECT increases the sensitivity, specificity, and diagnostic accuracy (100%) for recognition of low-and high-grade gliomas. 
